The food industry is in the crossfi re of increasing pressure of competition, consumer demands, and growing importance of ecological sustainability considerations. Life cycle analysis is one of the most important methods for evaluation of environmental effects of food industrial technologies and packaging systems. During the last decades there have been an intense work to collect pieces of information on different environmental aspects of food packaging systems all over the world, but there is a considerable gap between the amount of knowledge and its practical application in decision making on the level of enterprises as well as in the process of determination of environmental protection fee. Application of modern, freely available software frameworks for life cycle analysis offers a favourable possibility for integration of environmental information into managerial and governmental decision making processes. Based on case studies, the article demonstrates the possibilities of utilisation of cumulative environmental burden indicators as well as expert decision-support systems for optimisation of product-portfolio, based on environmental considerations.
During the last decades three main factors have been emerging, increasing the importance of food packaging system development: (1) rapid growth of long-distance food trade (BRUNELLE et al., 2014) ; (2) emerging of new trends in consumption patterns (FLANIGAN et al., 2013) ; (3) continuous effort to better utilise the possibilities of the packaging: usage of the packaging systems for promotion of products, increasing the value-added content of products by better protection, containment, information, and convenience (PASQUALINO, 2011) .
At the same time there is an increasing concern on environmental aspects of human activities in general (COOK et al., 2013) and food processing in particular (TUKKER et al., 2011) . In the last two decades a considerable amount of scientifi c knowledge has been accumulated on different environmental aspects of food packaging systems. In the opinion of BROWN (1993) as well as KROYER (1995) , the environmental impact of food packaging can be seen in several ways: (a) litter; (b) usage of raw materials for packaging purposes; (c) ease and consequences of packaging disposal; (d) adverse consequences of careless disposal of packaging; (e) feasibility of recycling or reuse; (f) energy content. SEAGER and THEIS (2002) defi ne six broad metrics of Life Cycle Assessment (hereinafter: LCA): (1) fi nancial metrics, trying to monetarize each and every aspects of LCA components; (2) thermodynamic metrics, converting the different in-and output aspects and components into thermodynamic units, (3) environmental metrics, (4) ecological metrics, attempting to quantify the effects of production systems or services on the ecosystem functions; (5) socio-Acta Alimentaria 43, 2014 political metrics, evaluating the different production systems in light of political and/or ethical goals of the society; (6) aggregated metrics, trying to combine the different aspects of the above mentioned approaches.
In the last three decades a considerable amount of investigations has been carried out on environmental consequences of different food packaging systems, but there has been a rather weak link between these two communities, that is why there is a considerable knowledge gap between them. This fact highlights the importance of knowledge management. One form of this is the life cycle analysis. This is an especially important problem in emerging market economies (e.g. in Hungary), where the application of LCA concepts have achieved some considerable success (TÓTH-SZITA & NÁNDORI-SIPOS, 2010), but their application is just in a rudimental phase of development (TÓTH-SZITA, 2011) .
The aim of the current article is twofold: (1) an integrated assessment of environmental burden, caused by different packaging systems in packaging of the same product; (2) to demonstrate the possibilities of application of data, obtained by LCA in optimisation of production-structure of a food industrial plant, based on a multi-criteria approach.
Methods
Basic principles of our research were as follows: (1) system-based approach -the application of food packaging is extremely complex, because there are different economic actors: packaging material producers, food processors, recyclers, but the life cycle analysis analyses all of these processes as a single system; (2) from cradle to grave -this refers to a holistic assessment from raw-material production to manufacture, distribution, use, and disposal, including all intervening transportation steps necessary or caused by the product's existence; (3) glass-box approach -we analyse each of the processes in detail; (4) integrated application of global knowledge base, adapted to local conditions of a well-defi ned geographic area: Hungary.
The most important steps of our analysis have been as follows: (1) outlining the systemboundaries for analysed food production systems. In this process, we have taken into consideration the total life cycles of food packaging system, but omitted the environmental aspects of establishment of production infrastructure as well as the environmental burden caused by food products (which is fi lled into the packaging); (2) determination of packaging alternatives; (3) determination of basic technological phases and parameters (e.g. number of recycling). In our case -in line with international practice (DETZEL & BÖSS, 2006) -we have calculated by one round of recycling and 50% of re-collection; (4) determination of environmental burden of different packaging alternatives by Open-LCA software (GREENDELTA, 2013); (5) determination of relative importance of different factors of environmental burden; (6) multiobjective analysis of different packaging technologies.
For the comparison of different factors, causing ecological consequences we have applied two approaches:
(1) fi rst we applied the eco-factor method, developed in Switzerland nearly ten years ago (FRISCHKNECHT & BÜSSER, 2013) . The eco-factor is a measure of the environmental burden of different products and activities.
(2) another method of comparison of environmental consequences has been the expert estimation. We have involved nine specialists from fi elds of ecology, agriculture, and food science into analysis. All of them had a fi rm scientifi c background and international experience.
To create an interval scale for comparison of different types of environmental burden, we have asked the respondents to carry over a Thurson-type pairwise preference test (HURST, 1955; NICOLIC, 2012) . In this way, we have been able to measure (a) the consequentness of individual specialists; (b) the level of concordance between the experts; (c) the relative importance of different environmental burden factors, expressed on values of an interval scale.
Based on pairwise comparison, we have determined the weights of different ecological effects of packaging systems. Optimisation of product-portfolio with purpose to minimise the total environmental burden is a multi-objective optimisation problem, with more than one goal-function. Solving of such type of programming task is a complex task mathematically (MARLER & ARORA, 2004) . To study the possibilities of multicriterial optimisation application, we have chosen a freely available, theoretical tool: the Nimbus (Nondifferentiable Interactive Multiobjective Bundle-based Optimisation) Software (MIETTINEN & MÄKELÄ, 2006) . Our aim has been to optimise the set of functions {f 1 (x), …f k (x)} subject to
where k number of objective functions; x decision variable (production of different types of packaging); b l l dimensional vector of maximal level of environmental burden factors; A i is the matrix of environmental burden coeffi cients.
The solution of this equation system enables us to determine the intervals of feasible solutions for different packaging alternatives under given economic conditions.
Results and discussion
As the fi rst step, we have been able to determine the most important characteristic features of liquid food packaging alternatives for different technologies from the point of view of their environmental burden. In this way we have obtained a large matrix, consisting of four columns (one-way glass; beverage cartoon, PET bottle, and aluminium can), and more than 500 rows, indicating the value of different pollutants. As an example, we present the environmental burden of pet bottle and aluminium can. Due to space-limitations, just one part of the results is presented in Table 1 .
To make the results, obtained by this detailed analysis, comparable, we have applied the eco-point method. Results of this analysis for PET bottle and aluminium can are presented in Table 2 . It is obvious, that the eco-point method is a suitable, practical approach of comparison, but it is an open-ended question, whether it is enough simply to summarise the eco-points to compare the environmental effects of different packaging technologies.
To compare the different aspects of environmental burden we have applied the pairwise preference test. From nine respondents two have not been able to give a consequent ordering (at P=0.05% level of confi dence) according to the Kendall and Babington test (IIDA, 2009), so they have been excluded from the further investigations. The value of Kendall coeffi cient of concordance has been 0.724, which can be considered as signifi cant at P=0.05% level of confi dence. Transforming the values to an interval scale, we have determined the relative importance of different environmental factors (Table 3) . It is obvious, that the experts have attached the highest importance to the greenhouse gas emission, and the relatively lowest weight to marine ecotoxicity. This can be explained by the fact that, under Hungarian conditions, even the relatively well-informed decision makers do not face with problems of environmental pollution of the world sea. To determine the optimal production structure of an actual food processing plant, we have applied the cumulated data on greenhouse gas emission, photochemical oxidation, acidifi cation potential as well as euthrophication potential obtained by DETZEL an d BÖSS (2006).
Greenhouse gas emission (kg CO 2 equiv/1 litre product) function 95×x 1 +170×x 2 +220×x 3 →min.
photochemical oxidation (g ethene equiv./1 litre product) function 34×x 1 +15×x 2 +20×x 3 →min.
Acta Alimentaria 43, 2014 acidifi cation potential (g SO 2 equiv./1 litre product) 318×x 1 +455×x 2 +365×x 3 →min.
terrestrial euthrophication potential (g PO 4 equiv./1 litre product) 28×x 1 +11×x 2 +35×x 3 →min.
aquatic euthrophication potential (g PO 4 equiv./litre product) 18×x 1 +8×x 2 +25×x 3 1085.0 →min.
profi t rate (HUF/l product) 25×x 1 +14×x 2 +31×x 3 →max.
Based on a multicriterial analysis, in fi rst round we had been able to determine the boundaries of scope of decision-making (feasible sets, determined by ideal values and nadirs). Within these limits we have weighted the importance of different goal-functions according to weights, determined by Table. In case of 1000 t production, if the demand for products in beverage carton (x bc ) can be described by: {30≤ x bc ≥55}, one way glass-bottle (x g ): {15≤ x g ≥45}, and PET bottle (x p ): {17≤ x g ≥58}, taking into considerations the equations 4-9, there are four solutions (Table 4) . 
Conclusions
As a result of our research we have been able to prove, that the application of open-source LCA software offers a favourable possibility to life-cycle analysis even under conditions of relatively low level of resource endowment. Results of LCA in itself cannot be used in a direct way for the practical decision-making process, because comparison of different environmental burdens needs a further consideration. This comparative analysis should be based on modern methods of application of decision support systems. Results of analysis should form a sound basis for product-portfolio optimisation, which -in itself -is a multicriterial process. Comparing different packaging alternatives, our results prove that
(1) the achievable profi t is considerable determined by the regulations, set to environmental burden of different packaging alternatives; (2) approximately the same environmental burden can be achieved by considerably differing production structures. As a summary it can be stated that the multiobjective optimisation should be considered as a necessary tool in estimation of the optimal product portfolio at the level of enterprises and for the fi ne-tuning of regulatory environment on level of governmental policy.
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